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Authenticity, certification, and especially the origin of food has become an increasing priority among consumers 
and producers, in the case of wines, this is very important especially if commercial values are associated with the 
region of production. In the last decades, isotopic ratios of geological interest, such as Pb, and Sr, have gained 
interest in the tracking regional provenance of foods and especially of wine. The correlation of the Pb and Sr 
isotope ratios between soil and plant makes it an interesting tool for tracing the provenance of agricultural 
products such as grapes and wine. The purpose of this research was to assessment the Pb and Sr isotopic ratio to 
highlight geographical markers with a high degree of credibility in several Romanian wine-growing areas. The 
values of the 206Pb/207Pb, for the vine from Dealu Bujorului and Valea Călugărească vineyard show traces of lead 
atmospheric pollution, in Nicorești, Panciu, and Ștefăneți-Argeș vineyard the values of the isotopic ratio show 
traces of fly ashes, coals, or natural Pb and Greaca vineyard show traces of petrol, gasoline, combustion. Due to 
Pb, and Sr a separation on the vineyards and wine-growing centers, and also a separation of the wine samples 
was possible. 
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INTRODUCTION 
Due to its toxic impact on consumer's health, it is necessary to know the 
concentration of Pb in wine and the main sources of Pb pollution (Tariba et al. 
2011). Following the research conducted by Galani-Nikolakai et al. (2002) 
concluded that the Pb contamination in the analyzed wine is probably due to 
environmental pollution from car exhausts and contamination in the wineries 
where the wines are produced. The same results were suggested by Mena et al. 
(1997) who also found a significant difference between the Pb concentration of 
red and white wines (Tariba et al. 2011). The difference in the concentration of 
heavy metal is that due to the process of making white wine, lead is removed when 
the yeast and grape skins that attract lead are removed before fermentation, a 
process that is not done in the winemaking of red wine (Tariba et al. 2011). Lead 
is not necessary for essential biological functions to any species of animal, or 
human, instead it has a wide range of negative effects on the health and 
functioning of the human body. Adverse effects of the body’s exposure to lead on 
human health occurs for most body systems. Some of these side effects occur in 
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individuals with low levels of lead in their blood, indicating low levels of exposure (Green et al. 2019).  In Western 
Sub-Saharan African Pb exposure is ranked as the 26th highest risk factor to the diseases (Lim et al. 2012), and global 
exposure to Pb is estimated to heave 1.050.000 deaths in 2017 alone (Benefo et al. 2019). Health problems caused 
by lead poisoning are considered the most well-characterized occupational disease (Nan-Hung et al. 2017), 
inhaled/ingested lead can transport to the heart, bones, intestines, kidneys, reproductive, and nervous systems, 
causing tissue-specific adverse effects (Félix et al. 2013). The majority of human exposure to Pb occurs through the 
consumption of food (Flora et al. 2012), although it is not intentionally added to food, it remains a serious 
contaminant of food, by air pollution, by absorption from the soil, and leaded-agrochemicals during growth (Alam 
et al. 2003). The use of Pb-contaminated water in food processing and possible leaching into food contact materials 
have also been suggested as other pathways (Benefo et al. 2019). Normally, Pb entering the body is stored in the 
bones, and a small part is eliminated (Wang et al. 2019). The biological half-lives of inorganic lead are approximately 
30 days and 10-30 years in blood and bone, respectively (Rabinowitz et al. 1991). Due to the long-life of Pb in the 
human body, the chronic harmful effects of long-term, low-dose exposure is a substantial concern (Wang et al. 
2019). Such negative effects include poor neurobehavioral development, reproductive dysfunction, impaired renal 
function, hypertension, cardiovascular disease, adverse pregnancy outcomes, decreased immunity, and endocrine 
disorders (Rosin et al. 2009). The central nervous system is the main target of Pb toxicity, especially in cases where 
the brain is developing (Rehman et al. 2018).  
Lead sources can be natural and anthropogenic where each source of Pb generally has a distinct isotopic 
composition (Álvarez-Iglesias et al. 2012) the 206Pb/207Pb and 206Pb/208Pb ration are used to differentiate natural 
Pb from anthropogenic lead (Komárek et al. 2008).  
Strontium is a very important element for teeth and bones (Shin et al. 2017), but recent studies show that the 
ingestion of Sr may be a potential threat to human health due to its role in abnormal skeletal developments and 
bone calcification (Langley et al. 2009). About 320 mg Sr is in our body (Nielsen, 2004), up to 99 % of this amount 
is stored in bones, and only 0.7 % is dissolved in the extracellular fluid (Cabrera et al. 1999). Research conducted 
by Liu et al. (2019) concluded that it is not clear if Sr is an essential trace element in our body. Sr can promote bone 
growth and also treat osteoporosis (Alexandersen et al. 2011), research showed that Sr is beneficial to secrete 
cartilage matrix, stimulating the proliferation of human osteoblasts, also increasing bone mineralization, and 
inhibiting osteoclast differentiation and resorption (Dermience et al. 2015). 
The purpose of this scientific research was to give a characterize of the total concentration of lead and strontium 
and also the isotopic ratio of these elements to highlight geographical markers with a high degree of credibility in 
several Romanian wine-growing areas. 
 
MATERIALS AND METHODS 
The wine samples used in this scientific research were wines obtained from Aligoté, Băbeasca gri, Fetească 
regală, Fetească albă, Sauvignon blanc, Băbeasca neagră, Burgund Mare, Merlot, Fetească neagră, Italian Riesling, 
Pinot noir, Pinot gri, Cabernet Sauvignon during 2015-2020 growing seasons year from Dealu Bujorului, Nicorești, 
Panciu, Tohani, Ștefănești-Argeș, Greaca. The sample preparation and analysis method to determine Pb, Sr 
concentration and the isotopic ratios of Pb and Sr was optimized in the previous research (Bora et al. 2018).  
 
Statistical analysis 
The statistical interpretation of the results was performed using the Duncan test, SPSS Version 24 (SPSS Inc., 
Chicago, IL., USA). The statistical processing of the results was primarily performed to calculate the following 
statistical parameters: arithmetic average, standard deviation, standard error. This data was interpreted with the 
analysis of variance (ANOVA) and the average separation was performed with the DUNCAN test at p ≤ 0.05. 
 
RESULTS AND DISCUSSIONS    
 The average content of Pb was higher in red (50.16 µg/L) than in white wines (26.93 µg/L), in wines obtained 
in Greaca vineyard, they recorded the highest values (31.59 µg/L–white and 75.61 µg/L–red wine), while the wines 
obtained in the Dealu Mare vineyard Tohani wine center recorded the lowest values of Pb (26.93 µg/L–white and 
50.16 µg/L–red wine). Significant differences can be observed between the values recoded by Pb in wines obtained 
from varieties grown in Dealu Mare Valea Călugărească wine center (43.24 µg/L), Nicorești (39.15 µg/L) and Dealu 
Bujorului (33.12 µg/L), Panciu (35.66 µg/L).  
It is very important to know the concentration of Pb in wine, due to its direct toxic impact on the health of the 
consumer, therefore its maximum acceptable limit is set to 0.15 mg/L (O.I.V., 2016). High values of Pb concentration 
exceeding the maximum permitted limit (0.15 mg/L) were recorded in wine produced in the Czech Republic (0.01–
1.25 mg/L) (Kment et al. 2005) and also in wine produced in Spain (ND–1.12 mg/L) (Mena et al. 1997). Increased 
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concentration of Pb in wine were also found in wines from Hungary (0.02–0.20 mg/L) (Murányi et al. 2000), Croatia 
(Banović et al. 2009) (ND–0.34), Serbia (Ražić et al. 2007), and Germany (0.004–0.30 mg/L) (Ostapczuk et al. 1997). 
Regarding the content of Pb level found in Romanian wines agreed with literature data (9.86–160.98 µg/L) (Avram 
et al. 2014), (37.97–49.59 µg/L) (Geana et al. 2013), (9.61–69.84 µg/L) (Bora et al. 2018) research conducted on 
wine obtained in Romania. Concentration of Pb (36.52 average values) in analyzed wine samples were under 
Maximum Permissible Limit (M.P.L), respectively as published by O.I.V. (O.I.V., 2016). 
A very important criterion regarding the geographical origin of the wine is the Sr elemental content because its 
concentration in grapes is strongly regulated by the vineyards soil composition (Green et al. 2004). The content of 
Sr found in our study had a relatively wide range from 142.78 µg/L to 936.12 µg/L, the highest values were obtained 
by Cabernet Sauvignon from Dealu Mare vineyard, Tohani wine center, and at the opposite pole, the lowest 
concentration was recorded by Fetească albă from Nicorești vineyard. The concentration of Sr found in our study 
has a relatively wide range between 142.78 µg/L to 936.12 µg/L with an average of 357.56 µg/L. The results are 
comparable with those obtained by Avram et al. (2014) 154.90 µg/L (Romanian wine) and in the case of wine 
obtained in Italy, the results obtained are significantly lower compared to these results (1340 µg/L) (Galgano et al. 
2008). In the case of research conducted by Geana et al. (2013) studies carried out on wines obtained in the vineyard 
from Romania the results obtained are significantly higher (144.34 to 1600 µg/L) compared to those obtained in 
the present research (142.78 to 936.12 µg/L). On the other hand, considering the mean values (in our case it was 
357.56 µg/L), good agreement was obtained with the work Bertlin et al. (2011) (570 µg/L south American wine) 
and Gajek et al. (2021) (605.2 µg/L). 
The values of 206Pb/204Pb, 206Pb/207Pb and 206Pb/208Pb isotope ratio are between the ranges from 16.0474 to 
18.6955, 1.1601 to 1.8893 and from 2.0431 to 2.9122. The highest values of 206Pb/204Pb and 206Pb/208Pb were 
recorded in wines obtained from vine varieties grown in Greaca vineyard followed by vine cultivated in the vineyard 
of Ștefănești-Argeș, while the wines obtained from vine varieties grown in Valea Călugărească wine center and 
Dealu Bujorului vineyard was recorded the lowest isotope ratio. The values of 206Pb/204Pb and 206Pb/208Pb isotope 
ratio obtained are comparable with Bora et al. (2018) (2.0493 to 2.1064 and 206Pb/208Pb, 16.9692 to 18.0389 
206Pb/204Pb Romanian wines) and also with Barbaste et al. (2001) (2.0990 to 2.1030 Italian wines 206Pb/208Pb, 
17.3210 Italian wines 206Pb/204Pb).  
 Based on 206Pb/207Pb it can be concluded that the vines that are grown in the Dealu Bujorului vineyard (1.1847 
average value), Valea Călugărească vineyard [Valea Călugărească (1.1775 average value) wine center], and [Tohani 
(1.2416 average value) wine center] shows traces of atmospheric pollution with lead on the vine (if 206Pb/207Pb = ~ 
1.17-1.22 [atmospheric pollution]). Atmospheric pollution with Pb makes the interpretation of Pb isotopic data 
complicated by submicrometric aerosols that can be transported over very long distances (Komárek et al. 2008). 
For example, Pb found in atmospheric aerosols sampled from Israel and Jerusalem was not derived only from local 
sources, but Pb originating from Turkey, Egypt, and Eastern Europe contributed significantly to the isotopic 
composition of atmospheric Pb (Erel et al. 2002). Depending on the traffic density, the direction, the predominant 
wind intensity, the precipitation intensity, the distance from the industrial areas, the isotopic composition of Pb 
changes rapidly depending on these conditions (Shihara et al. 1980; Monna et al. 1997; Simonetti et al. 2000). The 
values of 206Pb/207Pb isotope ratio obtained are comparable with other Romanian wines (1.1100 to 1.2000) (Avram 
et al. 2014) and Brazilian wines (1.1440 to 1.1820) (Almeida et al. 2016). In the case of vines grown in the Nicorești 
vineyard (1.1559 average value), Panciu (1.1523 average value) and Ștefăneti-Argeș (1.1593 average value) the 
isotopic ratio shows air pollution with fly ashes, coals, or natural Pb, 206Pb/207Pb = ~ 1.17 to 1.22) (Mihaljevič et al. 
2006), and in the case of vines grown in Greaca vineyard (1.1203 average value) shows traces of Pb from gasoline, 
or fuel combustion 206Pb/207Pb = ~ 1.06 to 1.14 (Mihaljevič et al. 2006). Research conducted by Monna et al. (1997) 
pointed out that the concentration of Pb in fly ash from waste incinerators can be used as an average industrial 
source of Pb, all this waste containing Pb is mixed together and burned, the measured isotopic composition of Pb 
thus reflects average values. Similar results have been identified in wine derived from the Prague area (206Pb/207Pb 
= 1.171 to 1.178) corresponding to contemporary urban airborne particulate material, while this ratio in the 
vineyard soil is more affected by past automobile emissions (Mihaljevič et al. 2006). By analysis of the isotopic 
composition of Pb in separate factions of soil, Teutsch et al. (2001) demonstrated that anthropogenic Pb 
(predominantly derived from leaded gasoline) is mainly concentrated in the exchangeable/carbon bound and 
reducible (Fe hydroxides) fractions, natural Pb is mainly associated with the residual silicate faction (Komárek et 
al. 2008). Comparing 206Pb/207Pb obtained in the present study with those available in literature, are comparable 
with authentic Bordeaux wine (1.1644 ± 0.0084) (Epova et al. 2020) and Czech wine (1.174 ± 0.003) (Mihaljevič et 
al. 2006). 
Concerning 87Sr/86Sr, isotope ratio the values are between the ranges from 0.7106 to 0.7505, the highest values 
were registered to vine varieties grown in Greaca vineyard followed by vine varieties grown in Dealu Mare vineyard 
(Tohani wine center 0.7415) while varieties grown in Nicorești vineyard recorded the lowest values. Sr accumulates 
continuously during vine growth by absorption by uptaking from the water-soluble fraction of soil (Green et al. 
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2004), is assimilated in all parts of vine including grapes (Mercurio et al. 2014), and transferred into wine without 
being altered during the winemaking process (Almeida et al. 2004). The results obtained in the case of 87Sr/86Sr, 
isotope ratio is comparative with wine obtained in the Bordeaux region (0.70829 to 0.71022) (Epova et al. 2019), 
and Romanian wine (0.71015 to 0.72311) (Geana et al. 2016), (0.7600 to 0.9300) (Avram et al. 2014). 
Due to 206Pb/204Pb, 206Pb/207Pb, 208Pb/206Pb, and 87Sr/86Sr a separation on the vineyards, wine-growing centers, 
and also a separation of the wine samples were possible (Figure 1, 2, 3, and 4). The two-dimensional graph (Figure 1) 
and (Figure 2) shows that it is possible to differentiate the vineyard (Dealu Bujorului, Nicorești, Panciu, Tohani, Ștefănești-Argeș 








Figure 2. Separation of wine due to 87Sr/86Sr and 206Pb/204Pb on the wine center area 
 
Combining the 206Pb/204Pb with 208Pb/206Pb and 206Pb/204Pb with 87Sr/86Sr isotopic ratio may carry out a 
separation on the samples of wine analyzed based on these isotopic ratios. Wines were grouped in their distinct 
groups corresponding to the vineyard of provenance (Figure 3).  
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Figure 3. Separation of wine due to 208Pb/206 and 206Pb/204Pb 
 
 Variation of 206Pb/204Pb, 206Pb/207Pb, 208Pb/206Pb, and 87Sr/86Sr from wines with different geographical 
origins confirm the link with the geological substratum of the production territory, making the isotope ratio a robust 
instrument for tracing the geographical provenance of wines (Figure 4). 
 
 
Figure 4. Separation of wine due to 87Sr/86Sr and 206Pb/204Pb 
 




Table 1. The concentration of Pb (lead), Sr (strontium) (µg/L) (mean ± standard deviation) and 206Pb/204Pb, 206Pb/207Pb, 206Pb/208Pb, 86Sr/87Sr 




(M.L.A. 150 µg/L) 




Aligoté 2017 26.26 ± 2.95 pqr 16.6808 klm 1.1601 bc 2.3991 bcdef 335.37 ± 54.76 hijk 0.7147 def 
Băbeasca gri 
2019 
29.49 ± 8.41 opqr 16.6442 lm 1.1854 bc 2.4425 abcdef 267.47 ± 10.33 no 0.7173 bcde 
Feteasca regală 20.68 ± 7.46 pqr 16.6843 klm 1.1831 bc 2.6063 abcde 288.82 ± 10.55 lmn 0.7126 ef 
Feteasca albă 21.85 ± 2.29 pqr 16.6625 klm 1.1258 bc 2.5425 abcde 296.04 ± 13.22 klmn 0.7133 def 
Sauvignon blanc 2020 26.96 ± 4.84 pqr 16.6809 klm 1.2078 bc 2.6758 abcd 200.27 ± 2.71 pq 0.7131 def 
Băbeasca neagră 
2019 
33.97 ± 5.06 mnopqr 16.6864 klm 1.1746 bc 2.6106 abcde 466.66 ± 11.21 g 0.7126 ef 
Burgund Mare 46.08 ± 6.18 ijklmno 16.5494 mn 1.2105 bc 2.6218 abcde 346.51 ± 35.67 hij 0.7132 def 




25.34 ± 9.82 pqr 17.1356 ijkl 1.1562 bc 2.3620 bcdef 142.78 ± 3.41 r 0.7106 f 
Feteasca regală 32.81 ± 9.13 nopqr 17.2066 ghijk 1.1541 bc 2.5735 abcde 306.74 ± 30.64 jklmn 0.7186 bcdef 
Băbeasca gri 2019 36.80 ± 1.36 klmnop 17.2488 ghij 1.1594 bc 2.7557 ab 261.60 ± 5.44 no 0.7227 bcdef 
Sauvignon blanc 2020 24.96 ± 8.45 pqr 17.2920 fghij 1.1566 bc 2.0432 f 206.04 ± 15.47 pq 0.7233 bcdef 
Băbeasca neagră 2018 57.45 ± 8.91 cdefghij 17.3332 efghij 1.1535 bc 2.7640 ab 302.95 ± 13.25 jklmn 0.7225 bcdef 
Merlot 2017 49.59 ± 9.08 ghijklm 17.4086 
defghij 
1.1509 bc 2.4690 abcdef 289.13 ± 12.85 lmn 0.7291 abcdef 
Fetească neagră 2018 37.92 ± 9.11 klmnop 17.4034 
defghij 
1.1606 bc 2.2401 def 192.44 ± 10.88 pq 0.7152 cdef 
Panciu Panciu 
Aligoté 2020 30.42 ± 12.01 opqr 17.9616 bcd 1.1590 bc 2.6517 abcde 312.84 ± 19.98 ijklm 0.7234 bcdef 
Feteasca albă 
2018 
21.85 ± 2.29 pqr 17.9095 bcd 1.1446 bc 2.2212 def 142.82 ± 2.74 r 0.7222 bcdef 
Feteasca regală 32.45 ± 6.21 nopqr 17.9046 cd 1.1605 bc 2.3558 bcdef 332.30 ± 11.91 hijkl 0.7199 bcdef 
Fetească neagră 47.15 ± 5.33 hijklm 17.8622 bcdef 1.1500 bc 2.3217 bcdef 280.15 ± 12.35 mn 0.7202 bcdef 
Italian Riesling 2020 28.12 ± 5.36 pqr 17.8255 bcdef 1.1422 bc 2.4398 abcdef 209.07 ± 9.24 pq 0.7224 bcdef 
Pinot Noir 2019 33.12 ± 5.10 mnopq 17.8195 bcdef 1.1595 bc 2.2799 cdef 192.30 ± 17.51 pq 0.7315 abcdef 
Merlot 2020 49.04 ± 16.65 
ghijklm 





Feteasca albă 2017 33.34 ± 10.50 16.0474 n 1.1622 bc 2.2229 def 355.19 ± 22.12 hi 0.7374 abcde 
Pinot Gris 2019 34.15 ± 4.58 lmnop 16.0511 n 1.1465 bc 2.1954 ef 365.90 ± 50.81 h 0.7263 abcdef 
Italian Riesling 2018 23.97 ± 1.78 pqr 16.0920 n 1.1530 bc 2.2074 def 530.44 ± 13.44 f 0.7385 abcd 
Sauvignon blanc 2019 32.96 ± 10.23 nopqr 16.0654 n 1.1834 bc 2.2024 def 462.49 ± 26.12 g 0.7415 ab 
Burgund Mare 2016 71.74 ± 6.28 bc 16.1548 mn 1.1588 c 2.2789 cdef 764.14 ± 24.16 c 0.7403 abc 
Cabernet 
Sauvignon 
2017 42.66 ± 7.90 jklmno 16.1913 mn 1.2147 bc 2.5560 abcde 791.56 ± 5.94 c 0.7302 abcdef 
Feteasca neagră 2015 51.74 ± 2.48 fghijkl 16.1926 mn 1.2235 b 2.5136 abcdef 679.67 ± 19.98 d 0.7329 abcdef 
 
47| VOLUME 78 ISSUE 2 | NOVEMBER 
 
(Table 1 continued) 




(M.L.A. 150 µg/L) 




Feteasca albă 2020 18.41 ± 4.95 qr 17.1032 jkl 1.1763 bc 2.2623 cdef 551.52 ± 37.08 ef 0.7196 bcdef 
Feteasca regală 2018 23.75 ± 4.94 pqr 17.2377 ghij 1.1891 bc 2.2394 def 339.78 ± 50.62 hijk 0.7189 bcdef 
Pinot gris 2018 22.45 ± 7.99 pqr 17.1598 ghijkl 1.2428 b 2.3307 bcdef 365.63 ± 39.63 h 0.7123 ef 
Italian Riesling 2019 17.90 ± 5.51 r 17.7022 cdefgh 1.1947 bc 2.7277 abc 588.73 ± 10.38 e 0.7185 bcdef 
Cabernet 
Sauvignon 
2018 55.78 ± 8.37 defghij 17.7305 cdefg 1.1830 bc 2.2144 def 936.12 ± 45.90 a 0.7190 bcdef 
Merlot 2019 43.63 ± 11.84 jklmno 17.6655 
cdefghi 






17.74 ± 5.11 r 18.2983 ab 1.1582 bc 2.4470 abcdef 181.44 ± 8.43 qr 0.7262 bcdef 
Feteasca regală 27.81 ± 5.38 pqr 18.2911 ab 1.1647 bc 2.6582 abcde 147.66 ± 7.21 r 0.7248 bcdef 
Italian Riesling 25.63 ± 8.96 pqr 18.1555 abc 1.1577 bc 2.5089 abcdef 335.89 ± 10.60 hijk 0.7286 abcdef 
Feteasca neagră 2017 47.19 ± 8.09 hijklmn 17.9455 bcd 1.1662 bc 2.2722 cdef 284.84 ± 7.29 mn 0.7219 bcdef 
Merlot 2019 45.16 ± 4.24 jklmno 18.2109 abc 1.1499 bc 2.4436 acdef 270.11 ± 15.88 mno 0.7160 cdef 
Greaca Greaca 
Italian Riesling 2019 41.51 ± 7.27 jklmno 18.6217 a 1.0888 c 2.6689 abcde 208.99 ± 10.35 pq 0.7296 abcdef 
Sauvignon blanc 2019 21.66 ± 7.23 pqr 18.6955 a 1.1297 bc 2.8755 a 216.33 ± 6.15 pq 0.7505 a 
Cabernet 
Sauvignon 
2019 67.52 ± 8.22 cde 18.5477 a 1.1260 bc 2.8800 a 212.34 ± 12.31 pq 0.7259 abcdef 
Merlot 2020 83.69 ± 9.11 ab 18.5945 a 1.1368 bc 2.9122 a 207.36 ± 7.96 pq 0.7292 abcdef 
Note: Average value ± standard deviation (n = 3). Roman letters represent the significance of the difference (Duncan test, p < 0.05). The difference between any two values, followed by at least one common leter, 
is insignificant. M.P.L = maximum permissible allowed (O.I.V., 2016). 
 




Pb concentration was below the limits established by the O.I.V., however, significant differences can be 
observed between the values recorded by Pb in wines obtained from varieties grown in Dealu Mare Valea 
Călugărească wine center, Nicorești and Dealu Bujorului, Panciu. The content of Sr found in our study had 
a relatively wide range; the highest values were obtained by Cabernet Sauvignon from Dealu Mare vineyard, 
Tohani wine center; the lowest concentration was recorded by Fetească albă from Nicorești vineyard.  
Regarding 206Pb/207Pb isotope rations, the vines are grown in the Dealu Bujorului vineyard and Valea 
Călugărească vineyard, the values of the isotopic ratio of these varieties of vine shows traces of atmospheric 
pollution with lead on the vine. In the case of vines grown in the Nicorești, Panciu, and Ștefăneți-Argeș 
vineyard the values of the isotopic ratio of these varieties of vine shows traces of fly ashes, coals, or natural. 
The isotopic values of the vine cultivated in Greaca vineyard show traces of petrol, gasoline, combustion. 
Due to 206Pb/204Pb, 206Pb/207Pb, 208Pb/206Pb, and 87Sr/86Sr a separation on the vineyards, wine-growing 
centers, and also a separation of the wine samples were possible.  
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